USDA nited states Repeatability of Riparian Vegetation

Rl o AoricuiLre S lina Mathods: H Useful A
Forest Service amp Ing e 0as. ow setu re
Rocky Mountan These Techniques for Broad-Scale,
Research Station Long-Term Monitoring?

General Technical
Report RMRS-GTR-138

December 2004 Marc C. Coles-Ritchie
Richard C. Henderson

f°4 Eric K. Archer
Caroline Kennedy

%mmm,m

Jeffrey L. Kershner




Abstract

Coles-Ritchie, Marc C.; Henderson, Richard C.; Archer, Eric K.; Kennedy, Caroline; Kershner,
Jeffrey L. 2004. Repeatability of riparian vegetation sampling methods: how useful
are thesetechniques for broad-scale, long-term monitoring? Gen. Tech. Rep. RMRS-
GTR-138. Fort Collins, CO: U.S. Department of Agriculture, Forest Service, Rocky
Mountain Research Station. 18 p.

Tests were conducted to evaluate variability among observers for riparian vegetation data
collection methods and data reduction techniques. The methods are used as part of a large-
scale monitoring program designed to detect changes in riparian resource conditions on
Federal lands. Methods were evaluated using agreement matrices, the Bray-Curtis dissimi-
larity metric, the coefficient of variation, the percentage of total variability attributed to
observers, and estimates of the number of sites needed to detect change.

Community type (CT) cover data differed substantially among the six to seven observers
that sampled the same sites. The mean within-site similarity in the vegetation dataranged from
40 to 65 percent. Converting CT data to ratings (bank stability, successional, and wetlands
ratings) resulted in better repeatability, with coefficients of variation ranging from 6 to 13
percentand a percentage of variability attributed to observers of 16 to 44 percent. Sample size
estimates for the ratings generated from CT cover data ranged from 56 to 224 sites to detect
a change of 10 percent between two populations. The woody species regeneration method
was imprecise. The effective ground cover method was quite precise with a coefficient of
variation of two, but had so little variability among sites that statistically significant change in
this attribute would not be expected. In general, reducing the CTs to ratings increased
precision because of the elimination of differences among observers that were not important
from the perspective of the rating.

Studies that seek to detect change at a single site would need to take into account the
observer variability described here. Studies that seek to detect differences between popula-
tions of sites could detect relatively large changes with these methods and ratings. Small
differences among populations would be difficult to detect with a high degree of confidence,
unless hundreds of sites were sampled.

Key words: riparian, vegetation, ecology, monitoring, observer variability, community types,
repeat sampling.
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Introduction

Lega requirements for protecting species and ecosystems
necessitate monitoring efforts that can determine the level of
anthropogenic influence on ecosystems across space and
through time. Researchers and land managers often need to
detect theeffectsof humaninfluencesuchaslivestock grazing,
logging, and roads on the riparian ecosystem. In order for
actual differences to be detected, methods must be objective
andrepesatableby different observersat thesamelocations, and
over different time periods.

Observer variability isoften overlookedin studiesof vegeta-
tion, or it isassumed to be zero as noted by Elzingaand others
(1998) and Gotfryd and Hansell (1985). This assumption is
dangerousbecause differencesdueto observerscan arisefrom
anumber of sources, including: methods that allow observer
subjectivity to affect decisions, methods that do not permit
consistent measurement, recording errors, and incorrect spe-
ciesidentification (Elzingaand others 1998). Differences due
to observers can be minimized with proper protocol develop-
ment and training of observers. However, some observer
difference is inherent in al sampling methods, so quality
assurance testing must be conducted to determine how much
observer variability exists. Understanding the degree of differ-
ence due to observer alows researchers to know the level of
change detection that is possible.

Earlier researchers recognized observers as a source of
variability in vegetation sampling data (Greig-Smith 1957,
Hope-Simpson 1940). Imprecision due to observer difference
has been documented for: frequency of species observance
(Hope-Simpson 1940; Kirby and others 1986; Leps and
Hadincova 1992; Nilsson and Nilsson 1985); species cover
estimates (Gotfryd and Hansell 1985; Kennedy and Addison
1987; Lepsand Hadincova1992; Sykesand others 1983); and
mapping of cover types (Cherrill and Mcclean 1999). Studies
have also found that the same observer varied when repeated
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sampling was done at a site (Kennedy and Addison 1987;
Smith 1944; Sykes and others 1983). As would be expected,
within-observer variability (the same observer doing repeat
sampling) has been found to be lower than between-observer
(more than one observer sampling the same site) variability
(Kirby and others 1986; Smith 1944; Sykes and others 1983).

Studies have al so tested the repeatability of riparian vegeta-
tion sampling methods, although there are fewer studies than
for upland vegetation (Elzinga and Evenden 1997). Some
studies of repeatability in riparian vegetation methods were
part of stream habitat studiesthat measured general categories
of vegetation. One such study found “fairly high” variation
among observers (95 percent confidence interval one to six
times the field measurement precision) for a bank vegetation
metricthat categorized vegetationinto broad categories(wood-
land, shrub, meadow, residential) (Wang and others 1996).
Another study found coefficients of variation (CV) over 33
percent for estimation of general riparian vegetation categories
in Oregon, such as amount of canopy, mid-layer, and ground-
layer cover (Kaufmann and others 1999). A method of charac-
terizing vegetation wasrelatively precisefor the categories of
herbaceous plants and shrubs (CV of 8 percent) but was less
precise for a tree category (CV of 25 percent) (Barker and
others 2002). The use of such broad categories may have
created difficulty distinguishing the categories, especially in
transition zones, of which there are many in riparian areas.

Observer variability has also been evaluated for methods
that evaluate ungulate browsing on woody species. A study of
twig length measurement found that 20 percent of the total
variation was due to the observer, leading the researchers to
“seriously question thefeasibility of measuring riparian shrub
utilization” (Hall and Max 1999). A study of precision in
estimating willow canopy volume found an average CV of 25
percent, indicating large differences among observers, al-
though variability waslower for asingle observer (Thorneand
others 2002).



The CV as an estimate of precision can be misleading
without considering total variability. When determining the
usefulnessof aparticular variableitisimportant to consider the
level of observer variability relative to total variability, in
addition to the CV, asis donein this study.

Few studies have incorporated the implications of observer
variability into their study design (Gotfryd and Hansell 1985;
Sykes and others 1983). Understanding the level of observer
difference is essential if researchers are to make appropriate
assessments of change over time or across space. Without data
on observer-based variahility, incorrect conclusions can be
made about changesin vegetation and therol e of management.
Spurious results can include detection of changesthat did not
occur but werean artifact of observer difference (typel errors)
and thefailureto detect changesthat did occur (typell errors).
To minimize these errors, quality assurance testing must be
done to identify and develop highly repeatable methods that
generate monitoring data that will effectively detect change.

Study Question

The concern over the status of anadromous and resident
salmonids has prompted greater interest in the condition of
stream and riparian habitat inthe upper ColumbiaRiver Basin.
This has underscored the need for monitoring that can docu-
ment the condition of riparian areas and changes over time
relative to management. Some data exist for riparian vegeta-
tion in the Basin, but they come from avariety of sourcesand
methods, making it difficult to combine information and
evaluate differences. Even when datahave been collected ina
consistent manner, thelack of quality assurancetestinginhibits
our ability to use such data to detect differences.

Inresponsetothisneed, theU.S. Department of Agriculture,
Forest Service (USFS) and theU.S. Department of thelnterior,
Bureau of Land Management (BLM) designed a large-scale
monitoring program in 1998, the PA CFISH/INFISH Biologi-
cal Opinion Effectiveness Monitoring Program for Streams
and Riparian Areasof theUpper ColumbiaRiver Basin(PIBO-
EMP). Theobjectiveof the PIBO-EM Pisto determinewhether
stream habitat and riparian condition on Federa lands is
changing over time (Kershner and others 2004). Thevariables
studied include a wide range of stream channel, riparian
vegetation, aguatic biota, and watershed descriptors.

Theriparianvegetation component of thePIBO-EM Padopted
the riparian vegetation monitoring methods described by
Winward (2000), which use community typesto evaluate the
vegetation at a site and estimate woody plant density. A
method of estimating effectiveground cover wasalsoincluded
in the protocol. These methods were chosen because: (1) they
generate quantitative site values; and (2) they are currently
used withinland management agencies. Monitoring with com-
munity types allows rapid assessment of vegetation, although
thereissubjectivity in determining the appropriate community
typeontheground. Thissubjectivity, and theinherent variabil -
ity of observersin vegetation sampling, supported the need for
quality assurance testing.

A pilot quality assurancetest was conducted during the 1999
sampling season. Results were used to refine the PIBO-EMP
protocols (see protocol in Kershner and others 2004). In 2000
and 2001 amoreformal quality assurance program wasunder-
taken to definethevariability associated with the eval uation of
stream (Archer and others 2004; Roper and others 2002) and
riparian habitat.

This paper presents the riparian component of the quality
assurance program, which was designed to quantify the vari-
ability in the measurement and summarization of attributes
that describe riparian habitat. The sources of variability were
quantified as: (1) differences among observers at specific
points (small scal€); (2) differencesamong observersfor asite
(larger scale); and (3) differences among sites. Quantification
of these sources of variability alowed us to determine the
samplesizesneeded to detect differencesbetween populations
of sites(suchassitesgrazed by livestock versusungrazed sites)
for each method and summary technique. This information
allows an evaluation of the usefulness of each method, and
whether it should be retained, modified, or eliminated.

Study Area

The quality assurance study was conducted in central 1daho
on lands managed by the Nez Perce and Payette National
Forests(fig. 1). Datawerecollected at individual sitesalong six
streams: Boulder and Little Goose Creeks within the Little
Salmon River drainage; Lost Creek within the Weliser River
drainage; and Big, Jack, and Meadow Creekswithin the South
Fork Clearwater River drainage (table 1). These stream sites
are numbered 1 through 6 respectively in all figures.

An additional 44 randomly selected sites within the two
forests were used to estimate site variability. All sites were
associated with 2" to 4™ order streams, with stream gradients
from 0.3t0 2.5 percent, and bankfull widthsfrom 1.0to 12.3 m.
Riparian areasvaried from narrow to widevalley bottoms, and
from open meadowsto forests. The quality assurancesitesand
the randomly selected sites represent arange of stream sizes,
gradients, elevations, geology, and valley typesthat aresampled
by the PIBO-EMP within these two National Forests.

Methods

The vegetation sampling methods of Winward (2000) and a
Region 4 soils protocol (USDA 1989) were tested in this
quality assurance study. The Winward (2000) protocol was
designed to evaluate the condition of riparian vegetation with
the following methods: greenline vegetative composition,
vegetation cross-section composition, and woody species
regeneration. The effective ground cover method of the
Region 4 soilsprotocol (USDA 1989) wasal sotested. A brief
description of the data collection methods and the different
summary techniquesis presented in the section entitled “De-
scription, Results, and Discussion for each Method.” The
completeprotocol can befoundin Kershner and others (2004).
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Figure 1—Map of the study area of the PACFISH/
INFISH Biological Opinion Effectiveness Monitor-
ing Program for Streams and Riparian Areas of the
Upper Columbia River Basin, and the locations of
the quality assurance test sites in Idaho. “N” repre-
sents the three sites on the Nez Perce National
Forest, and “P” represents the three sites on the
Payette National Forest.

Thegreenline and vegetation cross-section methodsrequire
the use of riparian vegetation classifications. The riparian
vegetation classification by Padgett and others (1989) was
used for the quality assurance study on the Payette and Nez
Perce National Forestsand for many of the other 44 sites. The
classification by Hansen and others (1995) was used for 12 of
the siteslocated on the Nez Perce National Forest. The classi-
fications describe 79 and 113 riparian community types, re-
spectively, and assist observersinidentifyingthosetypesinthe
field. In thisreport the term community type (CT) isusedina

broad sense—regardless of successional status—to include
plant community types, plant associations, and habitat types.

Vegetation data collectors (observers) received 12 days of
training at the start of the field season, which is extensive for
aseasonal field crew. The training included 8 days dedicated
to learning the dominant riparian species, how to use CT
classifications, and the sampling methods. The other 4 days
were spent working in pairs to practice the methods at several
training sites. The observers then worked independently in
their respective geographical area (Idaho, Oregon, and Mon-
tana) before the quality assurance sampling.

For thequality assurancetests, three componentsof variabil -
ity associated with the evaluation of riparian vegetation were
assessed: (1) variability in application of amethod at amarked
point (measurement data); (2) variability in data summarized
fromanentiresite(repeat data); and (3) variability among sites
(site variability).

The “measurement” study was conducted in early August
2001, with seven observers collecting data at each of the six
stream sites. This measurement study was designed to detect
the causes of variability in each method at a small scale. We
tested the variability associated with data collection for each
method by having different observers collect data, or perform
measurements, at marked points. Measurement data were
collected for the four methods, described below. Instruction
packetsweredistributed to observersbeforethestudy explain-
ing themeasurement datacollection procedures. For greenline
and vegetation cross-section data collection, observers re-
corded the CT for each meter along ameasuring tape that was
staked to the ground. Thisallowed an estimation of variability
in using CTs to describe vegetation. For the woody species
regeneration method, seven woody plants were flagged and
numbered at the six streams, and the observers recorded the
species, age-class, and height category. A mixture of woody
speciesat that stream sitewasincluded. A random sel ection of
plantswasnot attempted becausethe objectivewasto compare
identification and age-classing of anumber of woody species,
especially willows. Rhizomatous specieswereincluded to test
their knowledge of these species aswell.

The three “repeat” sites on the Nez Perce National Forest
were sampled in late June 2000 and August 2001. The three
sites on the Payette National Forest were sampled in early

Table 1—General information for stream sites used in the measurement and repeat studies of riparian vegetation sampling
methods. The sites are on the Payette and Nez Perce National Forests in central Idaho.

Site code Stream National Forest Geology Elevation Gradient Bankfull width

feet Percent m
1 Boulder Payette Volcanic 4,750 0.34 7.7
2 Little Goose Payette Volcanic 5,000 1.57 3.5
3 Lost Payette Volcanic 4,855 0.59 5.4
4 Big Nez Perce Granitic 6,360 0.33 4.4
5 Jack Nez Perce Granitic 5,280 0.73 2.7
6 Meadow Nez Perce Granitic 3,200 0.37 8.3
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August both years. Each of the six repeat siteswas sampled by
six observersin both years, except for two sitesin 2000 that
were sampled by seven observers. Observers were randomly
assigned to a site each day. The observers sampled the same
site based only on afixed starting point. Each observer estab-
lished the boundaries of the site and performed al methods
using normal data collection procedures. These repeat sites
were located adjacent to the area where measurement data
were collected. Therepeat study was designed to test not only
measurement differencesbut also variability duetointerpreta-
tion and application of sampling methods for an entire site.

The additional 44 sites were used to better characterize the
“site variability” on the two forests. A random effects model
(described below) wasused to cal culatethevarianceamong all
50 sites, six of which werethe repeat sites. Of the 50 sites, the
six quality assurance repeat siteswere sampled 12 to 13 times
by 12 observers over 2 years, six sites were sampled by two
observersindifferent years, andtheremaining 38 weresampled
once.

Wetland Rating System

Aninitia concern with these methods was how to evaluate
the CT data in a way that would allow comparisons among
observers and among sites. Winward (2000) describes two
rating systems for greenline CT data, the greenline stability
and greenline successional ratings, but norating for vegetation
cross-section CT data. In addition, the greenline ratings only
apply tothreeof theeight vegetation classifications(only those
in Region 4 of the USDA Forest Service) used within the
PIBO-EMP study area. To have a uniform and quantitative
rating system for our entire study area, we developed a“ wet-
land rating” for the CT data collected along the greenline and
vegetation cross-sections. Wetland ratings (between 0 and
100) were computed for the 725 vegetation types in eight
classifications using data on the average species cover and
constancy (percentage of plotswith the species) from classifi-
cations, and the species wetland indicator status (Reed 1996).

Thewetland rating isan index that quantifiesthe abundance
of vegetation in relation to the wetland indicator status. A CT
or sitewith avalue closeto 100 would indicate that the species
were primarily obligate wetland species. A value closeto 0
would indicate that the CT or site had mainly upland species,
and no obligate wetland species. A high degree of moisture
availability, and hence high wetland ratings, would be ex-
pected for the low-gradient reaches sampled in thisstudy. The
wetland rating should be considered in the context of the
environmental conditions of each site because the environ-
ment greatly affects moisture availability. We are currently
eval uating the useful ness of the wetland rating to describe the
condition of riparian areas (Coles-Ritchie, in preparation).

The wetland rating provides indirect information about
bank stability because plantsthat persist inthe wettest part of
the riparian environment (in other words, next to the stream)
must withstand high shear stress from flowing water (Auble
and others 1994; Bendix and Hupp 2000). As a result, a
correlation between obligatewetland plantsand strong rooting

characteristics is expected in the riparian environment
(Winward 2000). Communities dominated by obligate wet-
land species, such as Carex nebrascensis and Juncus balticus,
often havegreater very-fineroot-length density, greater biom-
ass, and a deeper distribution of roots in the soil profile than
communities dominated by upland grasses (Dunaway and
others 1994; Kleinfelder and others 1992; Manning and others
1989; Toledo and Kauffman 2001). The dense and deep root
structureof theseand many other obligatewetland specieshelp
them to maintain their position and decrease streambank
erosion (Dunaway and others 1994). Therefore, the wetland
rating may partially represent the bank stabilizing capacity of
vegetation in riparian areas.

Data Analysis

A variety of graphical and statistical techniqueswereusedto
summarizeand analyzethevegetation data. Datawereinitially
examined for the presence of obvious data entry problems,
which were minimal, and they were corrected. All variables
used in the statistical models were normally distributed. The
woody species regeneration data were not normally distrib-
uted, and therefore they were not analyzed with the random
effects model.

M easur ement Data—Descri ptive statisticswere computed
from individual measurements of each attribute and then
averaged by method, site, and observer. The mean, standard
deviation (SD), and CV were computed for continuous data.

For the greenline and cross-section CT data, an agreement
matrix was used to calculate the average between-observer
agreement for all observer pairs. For each 1-m unit, a pair of
observersrecorded either the same CT or adifferent CT. The
percentage of meters where pairs of observers agreed is the
average between-observer agreement.

A fuzzy agreement matrix was also calculated by using the
similarity of thetwo CTsrather than* agreement.” At 1-munits
whereapair of observersrecorded the same CT, the similarity
was 100 percent. At 1-m units where observers recorded
different CTs, the agreement was not zero, but rather the
similarity (from 0 to 100 percent) of the two CTs that each
recorded. Those similarities were calculated for all pairs of
CTswith aBray-Curtisdissimilarity matrix. For example, the
Agrostis stolonifera CT and the Poa pratensis CT (from
Hansen and others 1995) are 27 percent similar. When two
observers used those two CTsto describe the same 1-m area,
the fuzzy agreement was 27 percent rather than 0. An average
fuzzy agreement was calculated for all pairs of observers,
based on the similarity of the CTsthey recorded, for all the
1-m units.

Greenline and vegetation cross-section CT data were also
converted to numeric values using the stability, successional,
and wetland ratings. The SD and CV were used to compare
these ratings.

Woody species regeneration data were summarized as the
percentage of observersthat agreed onthe genus, species, age-
class, and height of each willow plant.
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Repeat Data: Measure of Vegetation Similarity—CT
data were compared among observers and sites to determine
observer agreement. The percent cover of CTsrecorded by an
observer at each site was used to generate a dissimilarity
matrix, which was used to calculate within-group similarities
and to generate ordinations. The 2 years were analyzed sepa-
rately, even though the sites were the same, because annual
variability (theyear effect) could not be eliminated asit can be
in the random effects model (discussed below). This elimi-
nated any confounding sources of variability, such as differ-
ences in observers, training, or vegetation between years.

Data from six to seven observers at the same site were
compared with multiresponse permutation procedures (MRPP)
in PC-ORD (McCune and Mefford 1999). MRPP is atool “to
detect concentration within a priori groups’ (Zimmerman and
others 1985). MRPP cal cul ated the mean within-group similar-
ity to indicate the agreement among observers at the same site.

Within-group dissimilaritieswere cal cul ated with the Bray-
Curtis dissimilarity metric. A p-value (P) indicated the prob-
ability of obtaining the observed weighted mean within-group
dissimilarity, relative to the distribution of possible values
(McCune and Grace 2002). With this repeat data, it was
expected that the p-values would be significant, as they were
in each case. That was not informative, because the datawere
from the same sites and therefore should be more similar than
expected by chance. Therefore p-values were not reported.

Moreinformative wasthe level of similarity of dataamong
observers. Thiswasrepresented by theagreement statistic (A),
which is the “chance-corrected within-group agreement”
(McCuneand Mefford 1999). The A statisticwould be 1 if all
itemsinthegroupwereidentical, 0if theitemsinthegroup had
the same heterogeneity that would be expected by chance, or
negative if there were more heterogeneity than expected by
chance (McCuneand Grace 2002). The A statistic providesan
indication of observer agreement, and hence the repeatability
of the method.

Thesimilarity of CT datafor different observersat the same
site was represented in ordination diagrams. Ordination is a
method of arranging sites based on their similarity of vegeta-
tion and/or their environmenta conditions (Kent and Coker
1992). The ordination method used was nonmetric multidi-
mensional scaling (NMDS), which Minchin (1987) and Clymo
(1980) found to bethe most robust of the ordination techniques
that they evaluated. M cCune and Grace (2002) concluded that
NMDS was “the most generally effective ordination method
for ecological community data and should be the method of

choice, unless a specific analytical goal demands another
method.”

We used a Bray-Curtis dissimilarity metric for the NMDS
ordinationsasdid Minchin (1987) where hefound that NMDS
to be robust. McCune and Mefford (1999) recommend the
Bray-Curtis dissimilarity metric.

Preliminary ordinations were calculated to determine the
appropriate number of dimensions and the best starting con-
figuration, and to perform aMonte Carlo test with randomized
runs. TheMonte Carlotest wasdoneto eval uatethe probability
that asimilar final stresscould beachieved by chance. “ Stress’
represents the degree to which the dissimilarity in the ordina-
tion (with the number of dimensions selected) differsfromthe
dissimilarity intheoriginal dissimilarity matrix (McCuneand
Mefford 1999). For preliminary runs, a randomized starting
configuration was used, the maximum number of iterations
was 400, the instability criterion was 0.00001, the starting
number of dimensions was six, the number of runs with real
datawas40, and the number of runswith randomized datawas
50 (table 2). “Instability iscal culated asthe standard deviation
in stress over the preceding x iterations, where x is set by the
user” (McCune and Mefford 1999).

For each final ordination, the number of dimensions (axes)
was sel ected according to the following criteria: an additional
dimension was added if it reduced the stress by five or more,
and if that stresswaslower than 95 percent of the randomized
runs (ap < = 0.05 for the Monte Carlo test) as recommended
by McCune and Mefford (1999).

The final run was done with the best starting configuration
for the number of dimensions selected and no step-down in
dimensionality (table 2). For final runsthefollowinginforma-
tion was reported: the number of dimensions that were stetis-
tically different from 95 percent of the randomized runs
(Monte Carlo test results), number of iterations, final instabil-
ity, final stress, and the cumul ative R® based on the correlation
coefficient between the ordination distances and distancesin
the original n-dimensional space.

Repeat Data: Random EffectsM odel—The CT datawere
also converted to ratings; awetland rating (described above),
and stability and seral ratings (described below). A random
effectsmodel runwith PROCMIXED (Littell and others1996;
SA S 2000) was used to estimate the mean and variance of each
rating associated with observer and site.

Ysite,year observer =M+ Este= Nyear = gnsite,yeer + Yobserver(year) T Esite,year observer

Table 2—The settings used to perform the NMDS ordinations, using the Bray-Curtis dissimilarity index. The preliminary runincluded
runs with randomized data for the Monte Carlo test to determine the appropriate number of dimensions (axes).

Starting Maximum Instability ~ Starting number Runs with Runs with
Run configuration iterations criterion of axes real data randomized data
Preliminary  Random number 400 0.00001 6 40 50
Final Best from runs 200 0.0001 1-6 1 none

with real data
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where:

* Ysiteyear,observer 1S the value of a response variable for a
given site, year, and observer

* uistheoverall mean of the variable

o &4 isarandom effect for the site with mean zero and
variance o site

* Tyer iSarandom effect for the year, arepeated measure-
ment with mean zero and variance cszyear

* ENsteyear ISarandomeffect for theinteraction of sitewith
year with mean zero and variance stite,year

*  Yobserver(year) ISArandomeffect for theobser ver withmean
zero and variance o” gpserver (year)

*  Esteobserver,year 1S the underlying residual with mean zero
and variance

The objective of this study was to assess the precision with
which riparian vegetation attributes could be measured within
a sampling season where habitat condition is assumed to be
constant. All five variance components were estimated from
the combined 2000 and 2001 data, but only the estimates for
site (0%g1e), Observer within site (0% gpserver(year)), and residual
(02) estimateswere used to evaluate observer variability. Data
from both years were included in the model to incorporate the
observer variability inherent in long-term monitoring pro-
grams, which includes differences in training and unknown
variability among observers across years. However, the year
effect (0°yer), if there was a consistent difference between
years, was not included in the analysis of observer variability.

We defined observer variability as the sum of the observer
and residual terms, which includes all error associated with
observer within year (Yopserver(year)) @d al unexplained error
(Esite,observer year)- Sitevariability was based on theterm &g that
describes the variation among sites that is not attributed to
observer or interannual variability (year effect). We evaluated
observer precision by calculating the SD and CV for each
variable. In addition, we calculated the intraclass correlation
coefficient asthemagnitude of the observer variability relative
to the overall variabhility:

020b:=.erver(yeau)/ (Ozsite + 020b:=.erver(yeau) +°2)

Calculation of Minimum SampleSizesfor Observer and
Total Variation—Sample size estimates are a useful tool to
eval uatemonitoring methodsbecausethey indi catetheamount
of effort necessary to be confident differencesin an attribute
will be detected (Eckblad 1991). Minimum sample sizeswere
calculated using specified differences between the means of
two groups (for example, grazed versus ungrazed sites). For
this study, observer and site variability (based on estimated
variance components described above) were both included, in
estimating sample sizes. We evaluated differences between
meansthat ranged from 5to 50 percent. Thisrangewaschosen
because differences of these magnitudes likely included
changesin attributesthat would result in abiol ogical response.
We limited our evaluationto atype error rate of = 0.1, and a
type Il error rate of = 0.1.

Estimates of sample size were calculated following the
iterative procedure outlined by Zar (1996, page 133, equation
8.22):

25,

n2 d—z(ta(z),v + tﬂ(l)xV)z

where:

m-)S + (M -1)S
SSZ( (nlil)+§nz_1; is the pooled estimate of
variance

v= (ny—1) + (n, — 1) isthe degrees of freedom for Sz,p

tyo)v = 2-tailedt-valueonv df for atypel error rate of o (also
used for 1-c;, two-sided confidence intervals)

tg)y = 1-talied (upper) t-value on v df where B isthe accept-
abletype-ll error rate

d = minimum difference to be detected.

For these calculations, we used variance estimates from the
repeat study as estimates of S5 . Total variance was cal culated
as the sum of site and observer variability (Clark and others
1996; Montgomery 1984; Ramsey and others 1992). This
equation cal culates the number of samples needed from each
population and assumes equal sample sizes. If the number of
samplesfrom one populationis constrained (for example, few
ungrazed sites), it woul d be necessary to adjust the samplesize
of the unconstrained population. When n exceeded 30, values
for infinite samplesizewere substituted becausedifferencesin
results were minimal.

When taking a sizeable sample (more than 5 percent) with-
out replacement from a finite population, each observation
“carries’ moreinformation than when sampling with replace-
ment or from an infinite population. This*extrainformation”
results in a slight decrease in the variance, accomplished by
multiplying the usual variance by thefinite popul ation correc-
tion factor, (1-n/N) where N is the number of elements of the
population and nisthe samplesize. Thevaluen/Nisknown as
the sampling fraction. Correctionsfor finite populationswere
not included in our sampl e size estimates, so our estimates are
conservative.

For the woody species regeneration method, the data sum-
mary technique presented by Winward (2000) wastheratio of
young to old individuals. The description of that method
suggests a ratio well over 1 is needed to sustain a healthy
woody plant population and aratio under 1 would indicate that
regeneration was not occurring. We did not use the ratio
because of the difficulty of analyzing ratio data and alack of
research ontheexpected valuefor agiven streamtype. Instead,
we summarized the data as the number of individualsfor each
of thethreeage-classes, aswell asfor all age-classescombined,
for each observer at each site.

Effective ground cover data were summarized as the per-
centageof thepoints(onefor each step) al ong the cross-section
transects that had effective ground cover. SD and CV vaues
were cal culated with these data.
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Description, Results, and
Discussion for Each Method

Greenline Composition

Observersdetermined the CTsalong thegreenline, whichis
the first rooted line of perennia vegetation adjacent to the
stream (Winward 2000). In this paper, the term “greenline”
refers to the sampling method as well as the location of the
sampling area. Observersrecorded the CT for each step along
110 m of both streambanks. These greenline CT data were
summarized as a percentage of steps for the reach, and as
ratings using the following three data reduction techniques.

* Greenline Stability Rating (or stability rating)—The CT
stability classes of Winward (2000), ranging from 1 (low
stability) to 10 (high stability), were used to assess the
vegetation’s ability to withstand the force of moving
water. The percent of each CT at asitewas multiplied by
theCT stability class, and theresulting valueswereadded
to obtain the greenline stability rating for the site. There
are no defined unitsfor thisrating, so the term “ units’ is
used.

* Greenline Successional Rating (or successional rating)—
The categorization of CTs as “early” or “late” succes-
sional by Winward (2000) was used to calculate the
percent of late successional vegetation at asite.

* GreenlineWetland Rating—CT wetlandratings(described
above) wereusedtoindicatetheabundanceof speciesthat
grow in wetland conditions (Coles-Ritchie, in prepara-
tion). The percent of each CT aong the greenline was
multiplied by the CT wetland rating, and the resulting
values were added to determine a greenline wetland
rating for the site. There are no defined units for this
rating, so the term “units’ is used.

GreenlineM easur ement Results—Themeasurement data
hadamean CT agreement for all observersof 38 percentfor the
120 1-munits of vegetation along the greenline (table 3). The
maximum agreement of CTs at a measurement site was 49
percent, and the minimum agreement was 29 percent. All
seven observersrecorded identical CTsat 5 percent of the 1-m
units on the greenline. The fuzzy agreement calculation in-
creased the average agreement to 48 percent because of the
similarity in species composition between CTs.

The measurement CT datawere al so converted to the corre-
sponding valuefor thethree ratingsand then compared among
observersfor every 1-munit (table 3). The precision estimates
for greenline stability and wetland ratings resulted ina CV of
9.1and 10.7 percent, respectively. The greenline successional
rating had 83 percent average agreement between observers,
athoughwith only two possi bl e categories, random agreement
would be 50 percent.

Greenline Repeat Results—For repeat sites, observers
recorded an average of 10 CTs per site on the greenline. The
maximum number of CTsrecorded by an observer at one site
was 18, and the minimum was three. The average within-site
(all observers at one site) similarity in greenline CT datawas
65 percent in 2000 and 51 percent in 2001 (table4; fig. 2). The
final solutions for the NMDS ordination of the greenline data
are presented in table 5.

The CT data were converted to ratings and were then
evaluated by site. Thegreenlinestability ratinghadaCV of 7.4
percent, a SD of 0.6 units, and the largest deviation from the
mean by an observer was 2.4 units (table 6; fig. 3). The
greenline successional rating had aCV of 13.4 percent, a SD
of 10.3 percent, and thelargest difference between an observer
and the grand mean was 29.7 percent (table 6; fig. 4). The
greenline wetland rating had a CV of 5.9 percent, aSD of 4.4
units, and the largest difference from the grand mean of 11.9
units (table 6; fig. 5).

Table 3—Measurement site summary statistics describing observer agreement for riparian vegetation
sampling methods. Values are based on the total number of sample units; 120 1-m units for the
greenline and vegetation cross-section methods, and 26 plants for the willow regeneration
method from all six measurement sites in 2001.

Data summary

Method technique Mean  SD Ccv Mean agreement
Percent
Greenline CT agreement * * * 38
CT fuzzy agreement 48
Stability rating 8.2 0.7 9.1 *
Successional rating (percent) * * * 83
Wetland rating 81.1 8.1 10.7 *
Cross-section CT agreement * * * 39
CT fuzzy agreement 50
Wetland rating 81.7 10.1 13.0 *
Willow regeneration  Species ID * * * 76
Genus ID * * * 95
Age class * * * 71
Height class * * * 94

* not applicable.

USDA Forest Service Gen. Tech. Rep. RMRS-GTR-138. 2004



Table 4—Repeat site observer variability, based on CT cover
data for six to seven observers who each collected
data at six riparian sites. The same six sites were
sampled in 2000 and 2001.

Within-site Agreement
Data set similarity statistic
Percent
Greenline (2000) 64.9 0.436
Greenline (2001) 50.5 0.285
Cross-section (2000) 49.0 0.314
Cross-section (2001) 39.6 0.221

Figure 2—Nonmetric multidimensional scaling
(NMDS) ordination of greenline community type data
forthe six observersin 2001 atthe six repeat sites. The
ordination indicates the similarity of data among sites
(numbered 1 through 6), and for the six observers
(same number) at each site. A convex hull surrounds
the six observers at each site.

O\

Table 5—The final solutions of the NMDS ordinations of riparian sites, based on cover of community
types. Dimensions selected were those that were both statistically significant and that each
decreased stress by at least five. The R? value is based on the correlation coefficient
between the ordination distances and distances in the original n-dimensional space.

Dimensions Final Final
Data set selected Iterations instability Stress R?
Greenline (2000) 2 44 0.00007 11.3 0.893
Greenline (2001) 3 200 0.03312 13.1 0.882
Cross-section (2000) 3 200 0.00268 12.8 NA
Cross-section (2001) 4 200 0.00483 10.2 0.593
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Table 6—Repeat site observer variability statistics for quantitative summaries, or indices generated from CT
cover data. The mean values are based on 50 sites to account for site variability. All other values are
based on the six repeat sites. The stability and wetland ratings do not have units.

Data summary

Variability attributable

Method technique Mean SD CcVv to observer
Percent
Greenline Stability rating 7.6 06 74 35.7
Successional rating (percent) 76.3 10.3 134 27.8
Wetland rating 75.6 44 59 15.8
Cross-section Wetland rating 70.7 7.6 10.8 44.0
Width (meters) 40.0 7.3 183 44.7
Effective ground cover  Cover of vegetation, litter, 97.7 22 22 65.4
or rock (percent)
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Figure 5—Greenline wetland ratings for all observ-
ers at the six repeat sites. Observers in 2000 are
represented by triangles, and observersin 2001 are
represented by circles, which are offset slightly to
the right.

The percent of the total variability attributed to observers
was 35.7 percent for the stability rating, 27.8 percent the
successional rating, and 15.8 percent for the greenlinewetland
rating (table 6). The sample sizes necessary to detect change
were calculated to describe the implications of the total vari-
ability for monitoring efforts that seek to detect change at
multiplesites. To detect achange of 10 percent (power was set
to 0.9 for these cal cul ations) between two popul ations, consid-
ering both observer and site variability, the following number
of siteswould be needed for each technique (double the value
in the 10 percent column of table 7): 56 for stability, 224 for
successional, and 78 for greenline wetland rating.

Greenline Discussion—Observer agreement for CT data
wasrelatively low asindicated by thelack of clustering of sites
intheordination (fig. 2). Therewasalso overlap of sitesinthe
ordination (fig. 2) as indicated by the overlap in the convex
hulls that surround all the observers at a given site. In some
cases, observers differed almost as much at a site as sites
differed from each other, which would make detection of
change or differences among sites difficult.

Although the three rating techniques were derived from the
same CT data, differencesin observer variability were found.
The low CVs (less than 8) for the greenline stability and
greenline wetland ratingsindicate that observer precision was
relatively good. The successional rating, with a CV of 13.4,
was less precise.

Another way to assess the ability to detect change is to
consider thepercent of thetotal variability attributed to observ-
ers. observer variability / (observer + site variability). Values
lessthan 20 percent (Clark and others 1996; Ramsey and others
1992) or lessthan 33 percent (Kaufmann and others 1999) are
desirable. The wetland rating met both criteria. However, the
successional rating exceeded the 20 percent criteria, and the
stability rating exceeded the 33 percent criteria. Thissuggests
that differences between observers are almost as great as
differencesbetween sitesfor thesetwo variables. Therefore, it
is unlikely that the stability and successional ratings would
change enough (within these two National Forests) to be
detectable given the differences between observers.

These results exemplify the difficulty of evaluating the
usefulness of each method for monitoring. For example, the
stability rating wasprecise (CV of 7.4) but had high variability
attributed to observers (35.7 percent). In addition, the sample
sizetobeableto detect a10 percent changewas56 sites (28 for
two different groups), which may be prohibitive for some
studies. The wetland rating was precise (CV of 5.9) and had a
relatively low variability attributed to observers (15.8 per-
cent), but it still had a sample size of 78 sites (39 for two
populations). Even though the wetland rating had a CV and
percent variability attributed to observer that was lower than
the stability rating, it had a higher sample size requirement
becausesitevariability (among all 50 sites) washigher thanfor
the stability rating.

Table 7—Minimum sample sizes needed to detect change with riparian vegetation sampling methods when both observer variability
and site variability are considered. Sample size estimates assume equal size samples, so values listed below indicate half
the total sample needed. The value listed in each column is the sample size needed to detect the stated change with a

type | error of 0.1 and a type Il error of 0.1.

Data summary

Sample sizes needed to detect a change of:

Method technique 5 percent 10 percent 20 percent 30 percent 40 percent 50 percent
Greenline Stability rating 107 28 8 4 3 3
Successional rating 446 112 28 14 8 6
Wetland rating 150 39 11 6 4 3
Cross-section Wetland rating 183 46 13 6 4 3
Effective ground cover  Cover of vegetation,
litter, or rock 6 4 1 1 1 1

10
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Combining estimatesof variability for both siteand observer
givesauseful view of the significance of the different sources
of variability. When combined to calculate a sample size
necessary to detect a change due to management, we believe
that this represents an unambiguous and powerful way to
display the consegquences of variability to scientists and man-
agers. All three of the greenline summary techniques had
sample size estimates over 56 sites to detect a change of 10
percent, and over 200 sites to detect a change of 5 percent.
Those large sampl e size requirements would limit the useful -
ness of these techniquesfor some types of monitoring studies.

Vegetation Cross-Section Composition

Observers recorded the CT for each step along five cross-
sections perpendicular to the valley floor (as per Winward
2000). These cross-sections were within the sampling area
established for greenlinecomposition and extended totheedge
of theriparian vegetation, up to amaximum of 27.5 m on both
sides of the stream. The edge of the riparian areawas defined
asthe point when nonriparian communitieswere encountered,
or when riparian species no longer constituted at least 25
percent of the vegetation cover. The data were summarized
using the following techniques:

¢ Cross-Section Wetland Rating—The percent of each CT
in all five cross-sections was multiplied by the CT wet-
land rating (described above), and the resulting values
were added to obtain a site cross-section wetland rating.

There are no defined units for this rating, so the term
“units’ is used.

* Cross-Section Width—The distance across the riparian
area (excluding the stream), up to 27.5 m on each side of
thestream. Thisdistancewascal cul ated usingknown step
lengths of the observers. These datawere used to identify
apotential source of observer variability, not as amoni-
toring tool.

Vegetation Cross-Section Measurement Results—The
measurement results of the vegetation cross-section method
weresimilar tothegreenlinemethod. Themean CT agreement
for all observerswas 39 percent for agiven 1 m of vegetation
along a cross-section (table 3). The maximum agreement at a
sitewas55 percent and theminimumwas 29 percent. All seven
observersrecorded the same CT at 10 percent of the 1-m units
at measurement sites. The fuzzy agreement calculation in-
creased the CT agreement to 50 percent. Converting the CTs
intowetland ratingsfor each stepresultedinaCV of 13.0 units.

Vegetation Cross-Section Repeat Results—Observersre-
corded an average of 7.4 CTs per repeat site for the cross-
sections. The maximum number of CTs recorded by an ob-
server at one site was 12 and the minimum was four. The
average within-site similarity in cross-section CT datawas 49
percent in 2000 and 40 percent in 2001 (table 4; fig. 6).

The cross-section wetland rating had a CV of 10.8 percent
and a SD of 7.6 units (table 6; fig. 7). The largest difference
between an observer and the grand mean for a site was 18.2

USDA Forest Service Gen. Tech. Rep. RMRS-GTR-138. 2004

Figure 6—Nonmetric multidimensional scaling
(NMDS) ordination of vegetation cross-section
community type data for the six observers in
2001 at the six repeat sites. The ordination indi-
cates the similarity of data among sites (num-
bered 1 through 6), and for the six observers
(same number) at each site. A convex hull sur-
rounds the six observers at each site.
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Figure 7—Vegetation cross-section wetland ratings
for all observers at the six repeat sites. Observers in
2000 are represented by triangles, and observers in
2001 are represented by circles, which are offset
slightly to the right. The observers circled (with a
hexagon) are the same observers circled in figure 8.

units. The cross-section width had a CV of 18.3 percent and a
SD of 7.3 m (table®; fig. 8). Thelargest difference between an
observer and the grand mean for a site was 24.5 m.

The percent of the total variability attributed to observers
was 44.0 percent for the vegetation cross-section wetland
rating (table 6). Thetotal number of sitesneeded to detect a 10
percent change (power was set to 0.9 for these calculations)
would be92 sitesfor the cross-section wetland rating (table 7).

Vegetation Cross-Section Discussion—Observer agree-
ment of CT data was similar to the greenline method for the
measurement data. The repeat data had an average similarity
among observers that was 11 to 15 percent lower for this
method than for the greenline method. Thislow CT agreement
among observersis evident by the separation of observers at
one site (same number) in the ordination (fig. 6). Aswith the
greenline method, there is overlap among sites in the ordina-
tion, which means that using the cross-section data to detect
differences in vegetation among sites would be difficult with
multiple observers.

The cross-section wetland rating had a moderate level of
precision relative to the other methods we tested. However,
amost half of the total variability was due to observers,
meaning that the variability among observers at a site was
almost aslarge asthe variability between the mean valuesfor
the six sites (fig. 7). The combination of observer and site
variability resulted in arelatively large sample size needed to
detect a 10 percent change. Therefore it would be difficult to
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Figure 8—Average width of vegetation cross-sections
for all observers at the six repeat sites. Observers in
2000 are represented by triangles and observers in
2001 are represented by circles, which are offset
slightly to the right. The observers circled (with a
hexagon) are the same observers circled in figure 7.

determine whether a change in this rating reflected an actual
change or was only an artifact of observer difference.

One source of variability for the vegetation cross-section
method was differences in defining the edge of the riparian
area. The location of the riparian edge was determined inde-
pendently by each observer based on vegetation and landform,
both of which are subjective judgments. Comparison of the
vegetation cross-section widthsand thewetland ratingsfor the
same observers suggests that precision was sometimes af-
fected by differencesin defining the edge of theriparian area.
Differences in the wetland rating would be expected because
thereisgenerally adecreasein obligate wetland plantsmoving
away from the stream. To highlight this influence, the lowest
value for the cross-section width for each siteiscircled (with
ahexagon, fig. 8), and the value for the same observer isalso
circled (with a hexagon) on the cross-section wetland rating
(fig. 7). For four of the six sitesthe lowest riparian width was
associated withthehighest or second highest wetlandratingfor
that site. This suggests that defining a shorter riparian width
can sometimes cause the wetland rating to be higher than it
would beif alarger areawere sampled. These dataunderscore
the importance of using methods that result in a consistent
sampling area. Winward (2000) suggests using permanent
markers, which would alleviate the problem of variablewidth.
In some situations, permanent markers are not feasible, in
which case a more repeatable method of identifying theripar-
ian edge, or techniquesto always consider acomparable area,
would be needed.
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Causes of Observer Differences Common
for Both Methods

Vegetation classifications have relatively few categories
compared to species data, and therefore it has been presumed
that they are easier to use. Alpert and Kagan (1998) noted that
“easy detection” is one of the advantages of using CTs for
management. Winward (2000) stated that one of the objectives
of thegreenlineand cross-section methodswas* to beefficient
in both time and cost.” However, while detection may appear
easy, our resultsindicate that CT detection is not always easy
or repeatable.

One problem with using CTs as the cover category is the
difficulty in distinguishing CTson the ground. In nature there
arenodistinct boundariesbetween communities, which makes
it difficult for observersto consistently categorize the vegeta-
tion. Therehasbeen considerabl e debatein vegetation ecology
about the appropriateness of CTs because they are not “real
entities” (Alpert and Kagan 1998). Some CTs may seem
obvious on the landscape, but as our resultsindicate, commu-
nities cannot always be consistently determined. It can be
especiadly difficult to distinguish communities in riparian
areaswhere disturbance from the stream creates small patches
of vegetation and therefore more transition area between
communities.

The overlap in species composition among CTs is another
reason for the disagreement in determining the CT. Thisis
evident by the similarity of the Alnusincana/mesic graminoid
CT and the Alnusincana/Equisetumarvense CT, which are 65
percent similar (based on a Bray-Curtis dissimilarity index
using species cover and constancy data from Padgett and
others 1989). In addition, both of those CTs are about 60
percent similar to the Alnusincana/mesic forb CT. Many of
the same species are found in those three CTs, so observers
might justifiably use any of the three to describe the same
vegetation.

Themisidentification of species, or differencesin estimating
thespecieswiththegreatest cover, also contributed to variabil -
ity in CT determination. However, converting the vegetation
datato ratingsoften decreased the variability among observers
dueto misidentification or differing judgment of the dominant
species. For example, at one repeat site, observers recorded
three different sedge-dominated CTs (Carex rostrata, Carex
nebrascensis, and Carex aquatilis CTs) along the greenline.
Thisresultedin disagreement in CT data; however, it had little
affect on the greenline ratings because all three CTs had the
same successiona (late) and stability (9) ratings (Winward
2000), and similar wetlandratings (96 to 97, for CTsof Padgett
and others 1989). The dominant species in these CTs are
probably ecological equivalents, in that they grow in similar
habitats and perform similar ecosystem functions-such as
bank stabilization and sediment trapping. In this and other
cases, taxonomic differences, which were sometimes difficult
to determine in the field, were not always important when
trying to understand the functioning of theriparian ecosystem.

While the previous example showed that converting CTs
into more general categoriesincreased observer agreement, in
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some situations converting data to ratings did not improve
agreement. This was evident at a site where some observers
recorded more of the Calamagrostis canadensis CT (found in
moi st conditions) and othersrecorded moreof thePoapratensis
CT (found in adrier environment). The differences in these
CTsarereflected inthevaluesof the stability ratings (7 versus
3), greenline successional ratings (late versus early), and the
wetland ratings (85 versus 48). The fact that observers re-
corded these different grass CTsfor the same areaincreased
the variability in the rating for this site.

A related discrepancy occurred when some observers re-
corded more of agrassCT, and other observersrecorded more
of the wet sedge CTs, apparently because the grass flowers
were taller than the sedges, which did not have flowers. Our
data did not allow a determination of the sources for differ-
encesin CT determination among observers, but it waslikely
adifferencein speciesidentification, or adifferencein estimat-
ing which species was dominant.

Other studiesthat have assessed the precision in estimating
canopy cover found results ranging from low variability in a
controlled experiment (Hatton and others 1986) to moderateto
high variability using field sampling methods (Barker and
others 2002; Pollard and Smith 1999; Smith 1944). When
using CTsasthe cover category, the dominant speciesis used
to determine the CT, so variability in estimations of canopy
cover can amplify differences among observers.

A problem encountered by this study was that a riparian
vegetation classification had not been developed for central
Idaho, where the study siteswere located. The CTs described
inthe classifications by Hansen and others (1995) and Padgett
and others (1989) covered much, but not al, of the vegetation
encountered at these sites. Plant assemblages that were not
documentedintheclassificationscaused uncertainty and there-
forevariability among observers. Any largestudy that relieson
CTswill encounter asimilar problem, because classifications
havenot beendonefor all geographical areas, andthosethat are
available have been developed in different, and sometimes
incompatible, manners. For example, some classifications
include sites that have been disturbed by human activities,
while others do not.

We were also interested in whether the spatial area of
observation affected observer variability when determining
CTs. The area of observation was at different scales for the
greenline and vegetation cross-section methods (Winward
2000). For the greenline the area of observation was only
0.3mwide, and the CT wasdetermined for each step (approxi-
mately 0.8 m). This area was sampled to assess the ability of
vegetationin*bufferingtheforcesof movingwater” (Winward
2000). Thiswas substantially smaller than the 4 m?to 400 m?
area considered by most riparian vegetation classifications,
including those used for this study (Hansen and others 1995;
Padgett and others 1989). For the vegetation cross-section
method, observers were instructed to consider an area of
approximately 50 m?, although they seemed to focus on a
smaller area as they recorded the CT for each step. The area
considered for the cross-sectionswasmoresimilar tothelarge
area used to define communitiesin the classifications. Given
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the different scales for the greenline and vegetation cross-
section methods, it isinteresting that observer agreement was
similar, both from individua locations in the measurement
study (38 percent versus 39 percent average agreement, re-
spectively) and for the average site ratingsin the repeat study.
This suggeststhat determining CTsat different spatial scales,
such aswith greenline (small scal€) and cross-sections (some-
what larger scale), is equaly variable.

Woody Species Regeneration Method

This method was designed to assess the regeneration of
woody plantsfor whichregenerationispotentially inhibited by
herbivory from ungulates (such as livestock, deer, ek, and
moose). Because we found no comprehensive list on the
palatability of woody plants, we chose to consider only wil-
lows, which aregenerally pal atableto ungulates and are one of
the more abundant woody plants along streams (Hansen and
others 1995; Kovalchik and EImore1992). Therefore, werefer
to this as the “willow regeneration” method.

This method involved the counting of willow plants (Salix
spp.) within 1 m of the greenline along both streambanks
(Winward 2000). Datawererecorded onthespecies, age-class,
and height-class of each willow encountered. Rhizomatous
species were not counted because individual plants are diffi-
cult to distinguish and to age, as per Winward (2000). The
observers counted the number of individual willow plants by
species, in these categories: seedling/sprout, young, mature,
and decadent. For this study we combined decadent with
mature because most observers recorded no decadent indi-
viduals. Most willow species encountered were shrubs, or
multistemmed species, for which the number of stems was
used to determine an age-class: one stem was a seedling/
sprout; two to10 stems was young; greater than 10 stemswas
mature. The countswere truncated at 50 for a given age-class
for each species, if that many individuals were observed. The
height of each willow wasrecorded asgreater than 1 m or less
than 1 m.

Willow Regeneration Measurement Results—Observer
agreement inidentifying the genus Salix was 95 percent, while
agreement on the species, within the genus Salix, was 76
percent (table3). Observersagreed on the age-class 71 percent
of the time and height class of plants 94 percent of the time.

Willow Regener ation Repeat Results—For the 2001 data
the smallest difference in the number of seedlings/sprouts
among observers at asite was three and the largest difference
was 69 (table 8; fig. 9). The smallest difference in the number
of young willows was six and the largest difference was 50
(table 8; fig. 10). The smallest difference in the number of
mature willows was two and the largest difference was 42
(table8§; fig. 11). Thesmallest differenceinthe number of total
willow plantswas seven and largest difference was 100 (table
8; fig. 12). Similar patterns for the 2000 data can be observed
in figures 9 through 12.
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Table 8—The range in the number of willow plants, by age-
class, counted by six observers at six riparian sites

in 2001.
Seedling/ Mature/ Total
Site sprouts Young decadent plants
---------------- Range - ---------c-----
1 0-6 0-43 0-26 0-53
2 0-10 5-51 4-26 9-70
3 0-3 0-6 0-2 0-7
4 0-50 0-50 0-5 0-100
5 1-6 0-7 0-8 5-18
6 0-69 7-53 0-42 50-91
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Figure 9—The number of willow seedlings and sprouts
counted by observers at six sites. Observers in 2000
are represented by triangles, and observers in 2001
are represented by circles, which are offset slightly to
the right.
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Figure 10—The number of young willow plants counted
by observers at six sites. Observers in 2000 are
represented by triangles, and observers in 2001 are
represented by circles, which are offset slightly to the
right.
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Figure 11—The number of mature or decadent wil-
low plants counted by observers at six sites. Observ-
ers in 2000 are represented by triangles, and
observers in 2001 are represented by circles, which
are offset slightly to the right.
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Figure 12—The total number of willow plants
counted by observers at six sites. Observers in
2000 are represented by triangles, and observersin
2001 are represented by circles, which are offset
slightly to the right.

Willow Regeneration Discussion—The willow regenera-
tion method had high observer variability as is evident in
figures 9 through12. Giventhisvariability and thediversity of
sitessampled inthisproject, intermsof presence or absence of
willows, weareunabl eto suggest modificationstoimprovethe
repeatability of this method so that it would be useful for
monitoring riparian woody plant regeneration for a broad-
scale study. However, we recognize that it may have utility
with specific woody plant populations and at individual sites.

Our results identify two main factors that affected the
precision of the willow regeneration method. First, observers
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had difficulty determining the age-class of individual plants,
especialy when deciding between the young and mature
classes. This was due to the difficulty in distinguishing adja-
cent (often intermixed) individuals with many stems, which
often grew in dense stands. Managers in central |daho, who
used this method to assess grazing management, also had
difficulty with multiple-stemmed willow (rhizomatous or
nonrhizomatous) species and concluded that counting indi-
viduals to assess woody species regeneration may not be
possible (Burton and others 1998). Thorne and others (2002)
alsonotedthedifficulty of distinguishingindividual willowsin
atest of canopy estimates.

Secondly, differencesin plant identification, whenrhizoma-
tous and nonrhizomatous species were confused, led to ob-
server variability. At two sites, observers disagreed on the
species of willow with some identifying the plants as a rhi-
zomatous species and others a nonrhizomatous species. This
resultedinover 100individual sbeing counted by one observer
and none by another observer. When that type of error occurs
it can lead to notably different data among observers.

Other issuesthat may haveaddedto observer variability with
this method involved sampling different areas and missing
small plants. Determining the areaof observationinvolved the
subjective judgment of determining where the greenline was
located. If observers considered the greenlineto be at adiffer-
ent location, then they would have sampled different areasand
therefore encountered different numbers of willows. In addi-
tion, observing seedlings less than 0.3 m tall was difficult
because of their small size. Observers probably missed young
individuals that were obscured by other plants.

Other studies have aso found high observer variability in
methods used to describe browsing impacts on woody species.
Hall and Max (1999) studied the differencesamong 15 observ-
ers who assessed utilization by measuring twig length and
found that observer variability wastwicethe size of variahility
among shrubs. Thorne and others (2002) found statistically
significant differences among observers for a shrub canopy
volume method, although estimates from a single observer
were not statistically different. Winward (2000) describes a
line-intercept method to estimate the cover of rhizomatous
plantswithintheriparian area, which could potentially be used
for all woody species, although it lacksinformation about age-
classes.

Thiswoody speciesregeneration method wasnot foundtobe
repeatable, and we are not aware of any other repeatable
methods to assess the impacts of grazing on woody species.
This is unfortunate because utilization and recruitment of
woody species, such aswillows, would seem to be indicators
of overgrazing or recovery.

Effective Ground Cover Method

Observers estimated the types of ground cover within the
riparian area, based on the USDA Forest Service Region 4
soils protocol (USDA 1989). At each step along the five
vegetation cross-sections, the observer looked at a2-cmcircle
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infront of his/her big toe and recorded the dominant cover as
bareground, livevegetation, litter, or rock. Thesteptotalswere
converted to apercentage of stepswith effective ground cover
(live vegetation, litter, or rock) versus bare ground.

Effective Ground Cover Measurement Results—Mea-
surement studies were not conducted for this method.

Effective Ground Cover Repeat Results—The variabil-
ity associated with observer estimates of effective ground
cover had a CV of 2.2 percent and an SD of 2.2 percent
(table 6; fig. 13). Thelargest deviation from the grand mean
by an observer was 4.5 percent.

Observer variability comprised 65.4 percent of the total
variability for the effective ground cover data. A sample size
of eight sites would be needed to detect a 10 percent differ-
encein condition (power wasset to 0.9 for these cal culations;
table 7).

Effective Ground Cover Discussion—Effective ground
cover estimates had the highest precision and lowest sample
size of the methods we tested. The dataindicate that achange
in effective ground cover of 5 percent could be detected with
a sample size of only six sites. However, the variability
attributable to observer was 65 percent of thetotal variability,
thehighest of any method. Thisisanindicator that thismethod
isnot asuseful asthesamplesizeand CV valueswould suggest.
The limited variability between sites is the reason that the
observer variability was such a large percentage of the total
variability. The 50 sitesin this study all had effective ground
cover greater than 87 percent, and a mean of 98 percent.
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Figure 13—Effective ground cover ratings for all
observers at the six repeat sites. Observers in 2000
are represented by triangles, and observersin 2001
are represented by circles, which are offset slightly
to the right.
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Therefore, itisunlikely that a5 percent change would occur at
the sites sampled by this project in the Payette and Nez Perce
National Forests. This underscores the danger of considering
only one statistic, such asa CV, to evaluate the useful ness of
amethod.

The effective ground cover method would only be useful in
geographical areas where effective ground cover values have
greater potential to vary, which may be the case in drier
environments. However, the method may not have the same
level of precision in areas where the effective ground cover is
more variable because there would al so be more potential for
observer differences.

Conclusions

The objective of most riparian monitoring efforts, including
the PIBO-EMP, isto detect changes in habitat characteristics
that are caused by anthropogenic disturbances. Our ability to
detect these changes is affected by the ability of observersto
consistently characterize riparian vegetation (observer vari-
ability) and the heterogeneity of sites(sitevariability). Under-
standing the magnitude of thesetypesof variability isessential
in designing monitoring studies, which almost inevitably in-
volve multiple observers.

Results from the greenline and vegetation cross-section
methodsindicatethat CT data(as percent cover for asite) were
not consistent enough among observers to be able to detect
change in vegetation unless the change was dramatic. The
variability in the CT data was due to the subjectivity of
distinguishing CTs, especially at the scale of astep, whichis
what these methods require. CTsmay not bedefinitiveenough
to generate consistent data among observers at the scale of a
step. For studiesinvolving multiple sites and multiple observ-
ers over time, CT cover data would be of limited use for
detecting change.

When CT datawere converted to ratings, which emphasize
ecosystem attributes important to managers, observer agree-
ment wasbetter. Ratingshavetheadvantage of minimizingthe
influenceof differencesin speciesor CTsthat areunimportant,
at least for agivenrating. Wefound that thegreenlinestability,
greenline wetland, and vegetation cross-section wetland rat-
ings would be precise enough to detect large changes (greater
than 20 percent) with feasible samplesizes (fewer than 13 sites
in each of two populations). Detecting a smaller change (10
percent) with these three ratings would require larger sample
sizes(between 2810 46 sitesin each of two popul ations), which
may be impractical for many studies.

Thegreenline successional rating had much higher observer
variability, suggesting that change detection would bedifficult
with that rating technique. The successional rating has only
two categories (early and late), and therefore observer differ-
ences are always influential on the rating. The most useful
ratingsare probably thosewith many gradationsthat are based
on scientific information about vegetation.

While the ratings seemed to have greater precision among
observers than the CT cover data, ratings would still only
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permit detection of large changes in riparian vegetation. If a
large change occurred quickly, then the wetland and stability
ratingscould prove useful. If changetook along timeto occur,
which is often the case, these ratings would be less useful.
Negative change detection could take so long that resource
damage may already have occurred before it was detected.
Positive change detection could also take along time, failing
to provide prompt feedback about the effectiveness of
management.

Thewoody speciesregeneration method had highvariability
among observers. Observers recorded different numbers of
woody individuals (willows in this study) because of the
difficulty distinguishing individual shrubs, variability in
age-classing individuals, difficulty finding seedlings be-
causeof their small size, and errorsinidentification that mixed
up a nonrhizomatous species with arhizomatous (which can-
not be age-classed with this method). This woody species
regeneration method was found to be ineffective for monitor-
ing streambank woody plant regeneration.

The effective ground cover method was precise among
different observers; however, therewaslittle differenceinthis
attribute among sites. All sitesin this study had high effective
ground cover values, solittle changewoul d be expected inthat
geographical area. In geographical areas where there is more
potential for change in effective ground cover, this method
might be more useful if quality assurance tests for that area
resulted in low observer variability.

The results from this study underscore the need for repeat-
able methods of monitoring riparian vegetation. Numerous
researchersand land managers have collected dataon riparian
vegetation, but few protocols exist for systematic monitoring
of riparian areas. The protocol of Winward (2000), eval uated
here, was one of the first for monitoring riparian vegetation,
and it has focused attention on the importance of riparian
vegetation. The objectives of riparian monitoring protocols
should be precision (repeatability with multiple observers),
accuracy, and feasibility for summer field crews. We are
evaluating other methods based on those criteria.

We calculated sample sizes needed to detect changes be-
tween two populations,. However, land managers are often
interested in documenting changesat agroup of fixed sites. For
astudy of the same sites over time, the variance between sites
would be greatly reduced (Roper and others 2003). Therefore,
the sample size calcul ations would be primarily afunction of
observer variability. Therefore, studies that resample perma-
nent siteswould requiresmaller sampl esizesto detect achange
than studiesthat compare sampl esof two populations. Ineither
case, the sites sampled would need to be randomly selected
from the population of interest in order to make inferences
from the data.

The methods evaluated here were developed to address a
significant need, and we see the methods as an important step
inthefield of riparian monitoring. These methods have moti-
vated many people to look more closely at riparian areas, the
ecosystem functions they provide, and how these important
functions can be altered by land management activities. How-
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ever, the levels of repeatability for these methods limit their
usefulness for many monitoring questions that seek to detect
change. Relatively large changes could be detected with these
sampling methods and data summary techniques. Smaller but
ecologically important changes in riparian areas would be
difficult to detect unless hundreds of sites were sampled.
Methods that have greater repeatability among observers are
desirable for monitoring because smaller sample sizes would
be required to detect change, and because smaller changes
could be detected. We are evaluating modifications to these
methods, to determine how repeatability, aswell as accuracy,
can beimproved.

References

Alpert, P.; Kagan, J. 1998. The utility of plant community types: a practical
review of riparian vegetation classification in the Intermountain United
States. Natural Areas Journal. 18: 124-137.

Archer, E. K.; Méellison, S. C.; Henderson, R.; Kershner, J. L.; Roper, B. B.
2004. Testing common stream sampling methods: how useful are these
techniquesfor broad-scale, long-termmonitoring?Gen.Tech. Rep. RMRS-
GTR-122. Fort Collins, CO: U.S. Department of Agriculture, Forest
Service, Rocky Mountain Research Station. 15 p.

Auble, G. T.; Friedman, J. M.; Scott, M. L. 1994. Relating riparian vegetation
to present and future streamflows. Ecological Applications. 4(3): 544-554.

Barker, J. R.; Bollman, M.; Ringold, P. L.; Sackinger, J.; Cline, S. P. 2002.
Evaluation of metric precision for ariparian forest survey. Environmental
Monitoring and Assessment. 75: 51-72.

Bendix, J.; Hupp, C. R. 2000. Hydrol ogical and geomorphol ogical impactson
riparian plant communities. Hydrological Processes. 14: 2977-2990.

Burton, T.; Ririe, W.; Erickson, J.; Miller, M.; Hardy, T. 1998. 5-year
monitoring report for Bear Valley streams and riparian habitat. Boise, ID:
U.S. Department of Agriculture, Forest Service, Intermountain Region,
Boise National Forest.

Cherrill, A.; Mcclean, C. 1999. Between-observer variation in the application
of astandard method of habitat mapping by environmental consultantsin
the UK. Journal of Applied Ecology. 36(6): 989-1008.

Clark,M. J,; Laidlaw, M. C.A.; Ryneveld, S. C.; Ward, M. |. 1996. Estimating
sampling variance and local environmental heterogeneity for both known
and estimated analytical variance. Chemosphere. 32: 1133-1151.

Clymo, R. S. 1980. Preliminary survey of the peat-bog Hummell KnoweMoss
using various numerical methods. Vegetatio. 42: 129-148.

Coles-Ritchie, M. C. [In preparation]. A wetland rating system for evaluating
riparian vegetation. Logan: Utah State University. 218 p. Dissertation.
Dunaway, D.; Swanson, S.; Wendel, J.; Clary, W. 1994. The effect of
herbaceous plant communities and soil textures on particle erosion of

dluvia streambanks. Geomorphology. 9: 47-56.

Eckblad, J. W. 1991. How many samples should be taken? BioScience. 41:
346-348.

Elzinga, C. L.; Sazer, D. W.; Willoughby, J. W. 1998. Measuring and moni-
toring plant populations. Tech. Reference 1730-1/RS/ST-98/005+1730.
Denver, CO: Bureau of Land Management.

Elzinga, C. L.; Evenden, A. G. 1997. Vegetation monitoring: an annotated
bibliography. Ogden, Utah: Gen. Tech. Rep. INT-GTR-352. Ogden, UT:
U.S. Department of Agriculture, Forest Service, Intermountain Research
Station. 184 p.

Gotfryd, A.; Hansell, R. I. C. 1985. Impact of observer bias on multivariate
analyses of vegetation structure. OIKOS. 45: 223-234.

Greig-Smith, P. 1957. Quantitative plant ecology. London: Butterworths.

Hall, F. C.; Max, T. 1999. Test of observer variability in measuring riparian
shrub twig length. Journal of Range Management. 52: 633-636.

Hansen, P. L.; Pfister, R. D.; Boggs, K.; Cook, B. J.; Joy, J.; Hinckley, D. K.
1995. Classification and management of Montana' s riparian and wetland
sites. Missoula: University of Montana School of Forestry. 646 p.

Hatton, J. K.; West, N. E.; Johnson, P. S. 1986. Relationships of the error
associated with ocular estimation and actual total cover. Journal of Range
Management. 39: 1 91-92.

Hope-Simpson, J. F. 1940. On the errors in the ordinary use of subjective
frequency estimationsin grassland. Journal of Ecology. 28: 193-209.

17



Kaufmann, P. R.; Levine, P.; Robison, E. G.; Seeliger, C.; Peck, D. V. 1999.
Quantifying physical habitat in wadeable streams. EPA/620/R-99/003.
Washington, DC: U.S. Environmental Protection Agency. 102 p.

Kennedy, K. A.; Addison, P. A. 1987. Some considerations for the use of
visual estimates of plant cover in biomonitoring. Journal of Ecology. 75:
151-157.

Kent, M.; Coker, P. 1992. Vegetation Description and Analysis: A Practical
Approach. Boca Raton, FL: CRC Press. 364 p.

Kershner, J. L.; Coles-Ritchie, M.; Cowley, E.; Henderson, R. C.; Kratz, K ;
Quimby, C.; Ulmer, L. C.; Vinson, M. R. 2004. Guide to effective
monitoring of agquatic and riparian resources. Gen. Tech. Rep. RMRS-
GTR-121. Fort Callins, CO: U.S. Department of Agriculture, Forest
Service, Rocky Mountain Research Station. 57 p.

Kleinfelder, D.; Swanson, S.; Norris, G.; Clary, W. 1992. Unconfined com-
pressive strength of some streambank soils with herbaceous roots. Soil
Science Society of America Journal. 56: 1920-1925.

Kirby, K. J; Bines, T.; Burn, A.; Mackintosh, J.; Pitkin, P.; Smith, I. 1986.
Seasonal and observer differences in vascular plant records from British
woodlands. Journal of Ecology. 74: 123-131.

Kovalchik, B. L.; Elmore, W. 1992. Effects of cattle grazing systems on
willow-dominated plant associations in central Oregon. In: Clary,
Warren P. and others. Proceedings—Symposium on ecol ogy and manage-
ment of riparian shrub communities. Gen. Tech. Rep. INT-289. Ogden, UT:
U.S. Department of Agriculture, Forest Service, Intermountain Research
Station: 111-119.

Leps, J.; Hadincova, V. 1992. How reliable are our vegetation analyses?
Journal of Vegetation Science. 3: 119-124.

Littell, R. C.; Miliken, G. A.; Stroup, W. W.; Wolfinger, R. D. 1996. SAS®
system for mixed models. Cary, NC: SAS Ingtitute, Inc. 633 p.

Manning, M. E.; Swanson, S. R.; Svejcar, T.; Trent, J. 1989. Rooting
characteristics of four intermountain meadow community types. Journal
of Range Management. 42(4): 309-312.

McCune, B.; Grace, J. B. 2002. Analysisof ecol ogical communities. Gleneden
Beach, OR: MJM Software Design. 300 p.

McCune, B.; Mefford, M. J. 1999. PC-ORD for Windows, Version 4.25.
Gleneden Beach, OR: MJIM Software Design.

Minchin, P. R. 1987. Anevaluation of therelative robustness of techniquesfor
ecological ordination. Vegetatio. 69: 89-107.

Montgomery, D. C. 1984. Design and analysis of experiments. New Y ork:
John Wiley and Sons. 538 p.

Nilsson, I. N.; Nilsson, S. G. 1985. Experimental estimates of census effi-
ciency and pseudoturnover on islands: error trend and between-observer
variation when recording vascular plants. Journal of Ecology. 73: 65-70.

Padgett, W. G.; Youngblood, A. P.; Winward, A. H. 1989. Riparian commu-
nity type classification of Utah and southeastern Idaho. R4-ECOL-89-01.

18

Ogden, UT: U.S. Department of Agriculture, Forest Service, Intermountain
Region. 191 p. plusinsert.

Pollard, J. E.; Smith, W. 1999. Forest health monitoring 1998 plot component
quality assurance report, Volume 1. Research Triangle Park, NC: U.S.
Department of Agriculture, Forest Service, National Forest Health Moni-
toring Program. 21 p.

Ramsey, M. H.; Thompson, M.; Hale, M. 1992. Objective evaluation of
precision requirements for geochemistry analysis using robust analysis of
variance. Journal of Geochemical Exploration. 44: 23-36.

Reed, J.; Porter, B. 1996. Draft revision of 1988 nationa list of plant species
that occur in wetlands: national summary. Washington, DC: U.S. Depart-
ment of the Interior, Fish and Wildlife Service. 215 p.

Roper, B. B.; Kershner, J. L.; Archer, E. K.; Henderson, R.; Bouwes, N. 2002.
Anevauation of physical stream habitat attributesused to monitor streams.
Journal of the American Water Resources Association. 38: 1637-1646.

Roper, B. B.; Kershner, J. L; Henderson, R. 2003. The value of using
permanent sites when evaluating stream attributes at the reach scale.
Journal of Freshwater Ecology. 18(4): 585-592.

SAS Ingtitute, Inc. 2000. SAS procedures guide. Release 8.0 ed. Cary, NC:
SAS Institute. 441 p.

Smith, A. D. 1944. A study of the reliability of range vegetation estimates.
Ecology. 25: 441-448.

Sykes, J. M.; Horrill, A. D.; Mountford, M. D. 1983. Use of visual cover
assessments as quantitative estimators of some British woodland taxa.
Journal of Ecology. 71: 437-450.

Thorne, M. S.; Skinner Q. D.; Smith, M. A.; Rodgers, J. D.; Laycock, W. A.;
Cerekei, S. A. 2002. Evaluation of a technique for measuring canopy
volume of shrubs. Journal of Range Management. 55: 235-241.

Toledo, Z. O.; Kauffman, J. B. 2001. Root biomass in relation to channel
morphology of headwater streams. Journal of the American Water Re-
sources Association. 37(6): 1653-1663.

U.S. Department of Agriculture, Forest Service. 1989. Soil Quality Monitor-
ing Methods. Ogden, UT: U.S. Department of Agriculture, Forest Service,
Intermountain Region.

Wang, L.; Simonson, T.D.; Lyons, J. 1996. Accuracy and precision of selected
stream habitat estimates. North American Journal of Fisheries Manage-
ment. 16: 340-347.

Winward, A. H. 2000. Monitoring the vegetation resources in riparian areas.
Gen. Tech. Rep. RMRS-GTR-47. Fort Collins, CO: U.S. Department of
Agriculture, Forest Service, Rocky Mountain Research Station.

Zar, J. H. 1996. Biological analysis. Englewood Cliffs, NJ: Prentice Hall.
718 p.

Zimmerman, G. M.; Goetz, H.; Mielke, P. W., Jr. 1985. Use of an improved
statistical method for group comparisons to study effects of prairie fire.
Ecology. 66(2): 606-611.

USDA Forest Service Gen. Tech. Rep. RMRS-GTR-138. 2004



You may order additional copies of this publication by sending your
mailing information in label form through one of the following media.
Please specify the publication title and number.

Telephone

FAX

E-mail

Web site
Mailing Address

(970) 498-1392

(970) 498-1396
rschneider@fs.fed.us
http://www.fs.fed.us/rm

Publications Distribution

Rocky Mountain Research Station
240 West Prospect Road

Fort Collins, CO 80526

? 2
Federal Recycling Program "’ Printed on Recycled Paper




RMRS

ROCKY MOUNTAIN RESEARCH STATION

The Rocky Mountain Research Station develops scientific informa-
tion and technology to improve management, protection, and use of
the forests and rangelands. Research is designed to meet the needs
of National Forest managers, Federal and State agencies, public and
private organizations, academic institutions, industry, and individuals.

Studies accelerate solutions to problems involving ecosystems,
range, forests, water, recreation, fire, resource inventory, land recla-
mation, community sustainability, forest engineering technology,
multiple use economics, wildlife and fish habitat, and forest insects
and diseases. Studies are conducted cooperatively, and applications
may be found worldwide.

Research Locations

Flagstaff, Arizona Reno, Nevada

Fort Collins, Colorado* Albuquerque, New Mexico
Boise, ldaho Rapid City, South Dakota
Moscow, Idaho Logan, Utah

Bozeman, Montana Ogden, Utah

Missoula, Montana Provo, Utah

Lincoln, Nebraska Laramie, Wyoming

*Station Headquarters, Natural Resources Research Center,
2150 Centre Avenue, Building A, Fort Collins, CO 80526

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its
programs and activities on the basis of race, color, national origin, sex, religion,
age, disability, political beliefs, sexual orientation, or marital or family status. (Not
all prohibited bases apply to all programs.) Persons with disabilities who require
alternative means for communication of program information (Braille, large print,
audiotape, etc.) should contact USDA’s TARGET Center at (202) 720-2600 (voice
and TDD).

To file a complaint of discrimination, write USDA, Director, Office of Civil Rights,
Room 326-W, Whitten Building, 1400 Independence Avenue, SW, Washington,
DC 20250-9410 or call (202) 720-5964 (voice or TDD). USDA is an equal
opportunity provider and employer.



